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(54) HYBRID VEHICLE

(57) The disclosed hybrid vehicle (1) includes an en-
gine (2) and a motor (3) that operate independently of
each other; a battery (5) that stores electric power to drive
the engine (2) and the motor (3); and a control device
(10) that controls operating states of the engine and the
motor. If a voltage of the battery declines to a threshold

higher than a lower limit voltage, the control device (10)
performs output suppression control that gradually re-
duces a battery output of the battery. This prolongs time
for which the motor (3) is continuously used and therefore
enhances the running feeling.
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Description

[Technical Field]

[0001] The present invention relates to a hybrid vehicle
provided with an engine and a motor.

[Background Technique]

[0002] In a conventional hybrid vehicle provided with
an engine and a motor, one of multiple running modes
is selected in accordance with a running state, and the
operating states of the engine and the motor are control-
led in accordance with the selected running mode. Ex-
amples of the running modes include: an EV (Electric
Vehicle) running mode in which the vehicle runs only with
driving force of a motor; and a hybrid running mode in
which the vehicle runs using the engine and the motor in
combination. The hybrid running mode includes a parallel
running mode in which the vehicle runs by transmitting
the driving force of the engine and the motor to the driving
wheels, and a series running mode in which the vehicle
runs by transmitting the driving force of the motor to the
driving wheels while causing a generator to generate
electric power using the driving force of the engine (for
example, refer to Patent Document 1).

[Prior Art Reference]

[Patent Document]

[0003] [Patent Document 1] JP 2018-100013 A

[Summary Of Invention]

[Problems To Be Solved By Invention]

[0004] The technique described in Patent Document 1
determines whether or not a battery voltage declines to
a lower limit voltage as a requirement for switching the
running mode from the EV running mode to the hybrid
running mode. This control can suppress the consump-
tion of the battery electric power or can charge the battery
with electric power by starting the engine when the
amount of the battery electric power comes to be small,
for example. On the other hand, a decline in the battery
voltage brings down a battery upper limit output and a
driving torque of the vehicle, so that a running feeling is
degraded. This degradation of the running feeling may
occur regardless of whether the engine is started or not.
[0005] With the foregoing problems in view, one of the
objects of the present invention to provide a hybrid vehi-
cle that can enhance the running feeling. In addition to
this object, an influence and an effect which are derived
from each configuration of "an embodiment to carry out
the invention" to be described below and which conven-
tional technique does not attain are regarded as other
objects of the present disclosure.

[Means To Solve Problems of Invention]

[0006] The disclosed hybrid vehicle can be implement-
ed as an embodiment or application example disclosed
below, and solves at least a part of the above problems.
[0007] The disclosed hybrid vehicle includes an engine
and a motor that operate independently of each other; a
battery that stores electric power to drive the engine and
the motor; and a control device that controls operating
states of the engine and the motor. If a voltage of the
battery declines to a threshold higher than a lower limit
voltage, the control device performs output suppression
control that gradually reduces a battery output of the bat-
tery.

[Effect of Invention]

[0008] The disclosed hybrid vehicle can prolong the
time for which the motor can be continuously used (the
time it takes for the battery voltage to reach the lower
limit voltage) by performing output suppression control
for gradual decline of the battery output if the voltage of
the battery declines to a threshold, so that the running
feeling of the vehicle can be enhanced.

[Brief Description of Drawings]

[0009]

[FIG. 1] FIG. 1 is a block diagram showing a config-
uration of a hybrid vehicle.
[FIG. 2] FIGs. 2A and 2B are examples of a map
related to setting of a threshold.
[FIG. 3] FIG. 3 is an example of a flow chart of output
suppression control.
[FIG. 4] FIG. 4 is an example of a flow chart of setting
of a running mode and output suppression control.
[FIG. 5] FIGs. 5A-5F are time charts illustrating con-
trol action.

[Embodiment To Carry Our Invention]

[0010] The hybrid vehicle disclosed herein can be car-
ried out according to the following embodiment.

[Embodiment(s)]

1. Configuration of Device

[0011] FIG. 1 is a block diagram illustrating a configu-
ration of a hybrid vehicle 1 according to an embodiment.
The hybrid vehicle 1 (also simply referred to as vehicle
1) is a hybrid vehicle (HEV: Hybrid Electric Vehicle) or
plug-in hybrid vehicle (PHEV: Plug-in Hybrid Electric Ve-
hicle) in which an engine 2 and a motor 3 serving as
driving sources, a generator 4 serving as a power gen-
eration device, and a battery 5 serving as a power storage
device are mounted. A plug-in hybrid vehicle means a
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hybrid vehicle capable of externally charging the battery
5 with electric power or of external power supply from
the battery 5. The plug-in hybrid vehicle is provided with
a charging port (inlet) into which a charging cable sup-
plied with electric power from an external charging facility
is inserted or a socket (outlet) for external power supply.
[0012] The engine 2 is exemplified by an internal com-
bustion engine such as a gasoline engine or a diesel
engine. To the drive shaft of the engine 2, the generator
4 is coupled. The generator 4 is an electric-energy-gen-
erating equipment (motor generator, dynamo-electric
machine) having a function of driving the engine 2 with
the electric power of the battery 5 and a function of gen-
erating electric power using the driving force of the engine
2. The electric power generated by the generator 4 is
used for driving the motor 3 and charging the battery 5.
A non-illustrated transmission mechanism may be inter-
posed on a power transmission path connecting the en-
gine 2 and the generator 4 to each other.
[0013] The motor 3 is a kinetic-energy-generating
equipment (motor-generator, dynamo-electric machine)
having a function for running the vehicle 1 using the elec-
tric power of the battery 5 or electric power generated by
the generator 4, and a function for charging the battery
5 with electric power generated by regenerative power
generation by itself. The battery 5 is a rechargeable bat-
tery (secondary battery) such as a lithium-ion secondary
battery or a nickel metal hydride battery. The drive shaft
of the motor 3 is coupled to the drive wheels of the vehicle
1. A non-illustrated transmission mechanism may be in-
terposed on a power transmission path connecting the
motor 3 and the driving shaft to each other.
[0014] A clutch 6 is interposed on a power transmission
path connecting the engine 2 and the motor 3 to each
other. The engine 2 is connected to the drive wheels via
the clutch 6, and the motor 3 is arranged on the side of
the driving wheels from the clutch 6. The generator 4 is
connected on the side of the engine 2 from the clutch 6.
When the clutch 6 is disengaged (released), the engine
2 and the generator 4 come into a disconnected state
from the drive wheels, and the motor 3 comes into a con-
nected state to the drive wheels. Therefore, by operating
only the motor 3, for example, an "EV running mode
(pure-electric running mode)" is achieved. In addition to
this, a "series-running mode" is achieved by additionally
activating the engine 2 to cause the generator 4 to gen-
erate electric power.
[0015] On the other hand, when the clutch 6 is coupled
(engaged), three components of the engine 2, the motor
3, and the generator 4 are connected to the drive wheels.
Therefore, for example, by operating only the engine 2,
an "engine running mode (pure-engine running mode)"
is achieved. In addition to this, by driving the motor 3 and
the generator 4, a "parallel running mode" is achieved.
Both the series running mode and the parallel running
mode are sub-modes included in the "hybrid running
mode", and at least one of these sub-modes can be im-
plemented. Among the above running modes, one run-

ning mode is selected in accordance with the running
state of the vehicle 1 in the control device 10.
[0016] This vehicle 1 is provided with an EV priority
mode switch 7. The EV priority mode switch 7 is a button
or a lever for changing a requirement for switching the
running mode from the EV running mode to the hybrid
running mode (series running mode or parallel running
mode), and is flicked on/off by the driver. The information
of the operating position of the EV priority mode switch
7 is transmitted to the control device 10. In the present
embodiment, when the EV priority mode switch 7 is
flicked to the on-position, the control state of the running
mode is set to the "EV priority mode". When the EV pri-
ority mode switch 7 is flicked to the off-position, the state
of the vehicle 1 is set to the "normal mode".
[0017] The EV priority mode is a mode in which the EV
running mode is preferentially performed over the hybrid
running mode as compared with in the normal mode. In
other words, the EV priority mode is a mode in which the
engine 2 is less likely to be started than the normal mode.
Therefore, focusing on a requirement (engine starting
requirement) for starting the engine 2 when the motor 3
is operating but the engine 2 is not operating, the engine
starting requirement in the EV priority mode is stricter in
contrast to the engine starting requirement in the normal
mode. Conversely, the normal mode is a mode in which
the EV running mode is less preferentially performed than
the EV priority mode. In other words, the normal mode
is a mode in which engine 2 is more likely to be started
than the EV priority mode. Therefore, the engine starting
requirement in the normal mode is looser in contrast to
the engine starting requirement in EV priority mode (le-
nient determination for the engine starting is made in the
normal mode).

2. Configuration of Control

[0018] The respective operating states of the engine
2, the motor 3, the generator 4, the battery 5, the clutch
6 are controlled by the control device 10. The control
device 10 is a computer (ECU: Electronic Control Unit)
that selects one from multiple running modes in accord-
ance with the running state of the vehicle 1 and performs
control suitable for the selected running mode. The con-
trol device 10 includes a processor (arithmetic process-
ing device) and a memory (storing device). The content
of the control (control program) performed by the control
device 10 is stored in the memory, and is executed by
being appropriately read by the processor.
[0019] In the control device 10, a battery control unit
11, a running control unit 12, a motor control unit 13, and
an engine control unit 14 are provided. These elements
represent the functions of the control device 10 being
classified for convenience, and can be achieved by soft-
ware (program) or hardware (electronic controlling cir-
cuit). These elements may be integrated into one piece
of software or hardware, or may be dispersed into mul-
tiple pieces of software and hardware.
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[0020] For example, the battery control unit 11 may be
incorporated in a battery ECU (BMU: Battery Manage-
ment Unit) that manages the battery 5. In addition, the
running control unit 12 may be incorporated in a vehicle
ECU (e.g., running control ECU exemplified by a HEV-
ECU or a PHEV-ECU) that manages the power train of
the vehicle 1. Further, the motor control unit 13 may be
incorporated in a motor ECU (MCU: Motor Control Unit)
that manages the motor 3. In addition, the engine control
unit 14 may be incorporated in an engine ECU that man-
ages the engine 2.
[0021] The battery control unit 11 manages the oper-
ating state of the battery 5 and calculates various param-
eters representing the operating state of the battery 5.
The battery control unit 11 calculates a charge rate (SOC:
State of Charge), a soundness (SOH: State of Health),
an output-state (SOP: State of Power), and the like on
the basis of information such as the voltage, the electric
current, the internal resistance and the battery tempera-
ture of the battery 5. The information such as the voltage,
the electric current, and the battery temperature of the
battery 5 is detected by a voltage sensor, a current sen-
sor, and a temperature sensor which are not illustrated.
The value of the internal resistance is calculated on the
basis of the voltage, the electric current of the battery 5
and the battery temperature.
[0022] The battery control unit 11 calculates, as the
output state described above, a "battery output" of the
battery 5 and the "upper limit output" which is upper limit
value (maximum value) of the battery output. The battery
output means electric power (kW, kilowatt) drawn from
the battery 5 to drive the motor 3 or various electrical
components. The value of the battery output is calculated
on the basis of the electric current and the voltage dis-
charged from the battery 5. The upper limit output is the
electric power (kW) corresponding to the rated output of
the battery 5, and means the upper limit value of the
battery output that can be drawn and used from the bat-
tery 5 at that time. The value of the upper limit output is
set according to the operating state (e.g., charge rate,
soundness, voltage, electric current, the internal resist-
ance, battery temperature) of the battery 5 and the run-
ning state (e.g., running mode, vehicle speed, outside air
temperature, accelerator opening degree, brake opening
degree) of the vehicle 1. The value of the upper limit
output in the EV priority mode is set higher than the value
of the upper limit output in the normal mode. Here, setting
the value of the upper limit output in the EV priority mode
to a "first upper limit value", and setting the value of the
upper limit output in the normal mode to a "second upper
limit value", the relationship "first upper limit value >sec-
ond upper limit value" is satisfied (i.e. the above inequality
holds true).
[0023] In addition, the battery control unit 11 performs
the output suppression control if the voltage of the battery
5 declines to the threshold. The output suppression con-
trol is control to conserve the electric power of the battery
5 by weakening the motor output for driving the vehicle

1 on purpose. The output suppression control is per-
formed if the voltage of the battery 5 declines to the
threshold. The threshold included in a requirement for
starting the output suppression control may be a fixed
value set in advance or may be a variable value set in
accordance with the operating state of the battery 5 or
the running state of the vehicle 1.
[0024] The battery control unit 11 of the present em-
bodiment may set the threshold on the basis of a charge
rate (SOC), battery temperature, an internal resistance
of the battery 5, a driver-demanded torque (a torque cor-
responding to a driving force that the driver demanded
for the vehicle 1) to be described below, or the like. For
example, as the charge rate of the battery 5 or the battery
temperature of the battery 5 are lower, the lowering rate
of the battery voltage is likely to increase. For the above,
as shown in FIG. 2A, the threshold may be set to a higher
value as the charge rate or the battery temperature of
the battery 5 is lower. In addition, as the internal resist-
ance of the battery 5 or the driver-demanded torque is
larger, the lowering rate of the battery voltage is likely to
increase. For the above, as shown in FIG. 2B, the thresh-
old may be set to a higher value as the internal resistance
of the battery 5 or the driver-demanded torque is larger.
[0025] The threshold is set to be at least higher than
the lower limit voltage of the battery 5. The lower limit
voltage of the battery 5 is a voltage that is set in advance
to allow a margin for the operation of the battery 5 for the
purpose of control, and has a value slightly higher than
a minimum voltage (a limit value that the battery 5 has)
that can appropriately use the battery 5. Without special
circumstances, the battery 5 is controlled such that the
battery voltage thereof does not decline below the lower
limit voltage.
[0026] In the output suppression control, the battery 5
is controlled such that the battery output gradually de-
clines. The battery output can be reduced by reducing
the electric current output from the battery 5, for example.
The battery output can also be reduced by reducing the
electrical load acting on the battery 5. For example, if the
motor output is reduced, the battery output decreases.
Consequently, the battery output can be regulated by
controlling the operating states of the battery 5 and the
motor 3. In this meaning, the motor control unit 13 may
be caused to perform the output suppression control in
place of the battery control unit 11.
[0027] Furthermore, if the output suppression control
is performed under a circumstance where the battery out-
put is a second upper limit or more in the EV priority
mode, the battery 5 is controlled such that the battery
output decreases and also approaches the second upper
limit value. At this time, the battery output approaches
the second upper limit value while separating from the
first upper limit value. By lowering the battery output, the
lowering rate of the battery voltage becomes slow (small),
which prolongs the time it takes for the battery voltage
to reach the lower limit voltage. This output suppression
control is continued until the engine starting requirement
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is satisfied, and is terminated when the engine starting
requirement is satisfied. When the battery output reaches
the second upper limit value, the output suppression con-
trol may be terminated by starting the engine 2.
[0028] The running control unit 12 manages the run-
ning state of the vehicle 1 and calculates various param-
eters representing the running state of the vehicle 1. The
running control unit 12 calculates a driver-demanded
torque based on information such as an accelerator
opening degree, a brake opening degree, and a vehicle
speed. Further, the running control unit 12 selects and
sets one running mode from among the multiple running
modes in accordance with the calculated driver-demand-
ed torque, the calculated operating state (e.g., charge
rate, soundness, voltage, electric current, internal resist-
ance, and battery temperature) of the battery 5, and the
calculated running state (e.g., vehicle speed, outside air
temperature, accelerator opening degree, and brake
opening degree) of the vehicle 1. Information on the ac-
celerator opening degree and the brake opening degree
is detected by an accelerator pedal sensor and a brake
pedal sensor, or a brake fluid pressure sensor which are
not illustrated. Information on the vehicle speed and the
outside air temperature are detected by a vehicle speed
sensor and an outside air temperature sensor which are
not illustrated.
[0029] The running control unit 12 of the present em-
bodiment determines whether or not to change the run-
ning mode to the hybrid running mode by determining a
requirement (engine starting requirement) for starting the
engine 2 during the EV running mode (i.e., when the mo-
tor 3 is operating but the engine 2 is not operating). The
engine starting requirement determined here is different
between for the EV priority mode and for the normal
mode, and the engine starting requirement is set more
strictly (less likely to be changed to the hybrid-running
mode) in the EV priority mode in contrast to the normal
mode.
[0030] The engine starting requirement in the EV pri-
ority mode is listed below.
[0031] Condition A: the battery output reaches the first
upper limit value.
[0032] Condition B: the driver-demanded torque is a
first torque or more.
[0033] Condition C: the vehicle speed is a first speed
or more.
[0034] Condition D: the accelerator opening degree is
a first predetermined opening degree or more.
[0035] Condition E: the charge rate of the battery 5 is
a first predetermined charge rate or less.
[0036] Condition F: the voltage of the battery 5 is a
lower limit voltage or less.
[0037] The engine starting requirement in the normal
mode is listed below.
[0038] Condition G: the battery output reaches the sec-
ond upper limit value.
[0039] Condition H: the driver-demanded torque is a
second torque or more.

[0040] Condition I: the vehicle speed is a second speed
or more.
[0041] Condition J: the accelerator opening degree is
a second predetermined opening degree or more.
[0042] Condition K: the charge rate of the battery 5 is
a second predetermined charge rate or less.
[0043] Condition L: the voltage of the battery 5 is the
lower limit voltage or less.
[0044] Condition G is preferably set together with Con-
dition A. Similarly, Condition H is preferably set together
with Condition B, and Condition I is preferably set togeth-
er with Condition C. Condition J is preferably set together
with Condition D, Condition K is preferably set together
with Condition E, and Condition L is preferably set to-
gether with Condition F. In any case, in the EV priority
mode, the engine starting requirement is generally less
likely to be satisfied than in the normal mode.
[0045] For the values included in Condition A to Con-
dition L, the preferable magnitude relationships are listed
below.

• second upper limit value ≤ first upper limit value
(more preferably, second upper limit value < first up-
per limit value)

• second torque ≤ first torque
(more preferably, second torque < first torque)

• second vehicle speed ≤ first vehicle speed
(more preferably, second vehicle speed < first vehi-
cle speed)

• second predetermined opening degree ≤ first prede-
termined opening degree
(more preferably, second predetermined opening
degree < first predetermined opening degree)

• first predetermined charge rate ≤ second predeter-
mined charge rate
(more preferably, the first predetermined charge rate
< second predetermined charge rate)

[0046] The motor control unit 13 manages the operat-
ing state of the motor 3. Here, the operating state of the
motor 3 is controlled such that a motor output suitable
for the running mode set by the running control unit 12
is obtained. The operating state of the motor 3 can be
controlled by adjusting the operation of a non-illustrated
inverter interposed on a high voltage circuitry between
the battery 5 and the motor 3. For example, in the EV
running mode or the series running mode, the inverter is
controlled such that the motor torque equivalent to the
driver-demanded torque is generated in the allowable
range of the battery output. In the parallel running mode,
the inverter is controlled such that the sum of the engine
torque and the motor torque comes to be an equivalent
value to the driver-demanded torque. The driving torque
of the vehicle 1 in the EV running mode has a magnitude
corresponding to the output torque of the motor 3.
[0047] The engine control unit 14 manages the oper-
ating state of the engine 2. Here, the operating state of
the engine 2 and non-illustrated accessories are control-
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led such that a motor output suitable for the running mode
set by the running control unit 12 is obtained. The engine
control unit 14 may be configured to control, if the gen-
erator 4 generates electric power by using the driving
force of the engine 2, both the engine 2 and the generator
4.
[0048] The operating state of the engine 2 can be con-
trolled by adjusting the operation of a non-illustrated fuel
injection valve, a non-illustrated throttle valve, a non-il-
lustrated starter motor, and the generator 4, for example.
For example, in the engine running mode, the fuel injec-
tion valve, the throttle valve, and/or the like are controlled
such that the engine torque equivalent to the driver-de-
manded torque is generated. The driving torque of the
vehicle 1 in the engine running mode corresponds to the
magnitude of the output torque of the engine 2.
[0049] Further, in the parallel running mode, the fuel
injection valve, the throttle valve and/or the like is con-
trolled such that the sum of the engine torque and the
motor torque comes to be an equivalent value to the driv-
er-demanded torque. The driving torque of the vehicle 1
in the parallel running mode corresponds to the magni-
tude of the sum of the output torque of the engine 2 and
the output torque of the motor 3. On the other hand, in
the series running mode, the fuel injection valve, the throt-
tle valve, and/or the like are controlled such that the en-
gine 2 continues to operate in an efficient operating
range, and also the operating state of the generator 4
(non-illustrated inverter interposed on the high-voltage
circuitry between the battery 5 and the generator 4) is
controlled. The driving torque of the vehicle 1 in the series
running mode has a magnitude corresponding to the out-
put torque of the motor 3.

3. Flow chart

[0050] FIG. 3 is an example of a flow chart of control
related to the output suppression control. The control il-
lustrated in this flow chart is repeatedly executed in the
control device 10 at a predetermined cycle under a state
where at least the motor 3 is operating (for example, dur-
ing the EV running mode or the hybrid running mode).
The control illustrated in this flow chart can be performed
if the hybrid vehicle 1 has at least a running mode in
which the motor 3 operates, and the vehicle 1 may have
or may not have the EV priority mode switch 7 (i.e., the
EV priority mode and the normal mode).
[0051] In StepA1, in the battery control unit 11, the
threshold included in the requirement for starting the out-
put suppression control is set. The threshold is set to a
value at least higher than the lower limit voltage of the
battery 5. In the succeeding Step A2, determination as
to whether or not the voltage of the battery 5 is a threshold
or less is made. If the result of this determination is pos-
itive, the control proceeds to Step A3 and the output sup-
pression control is executed. On the other hand, if the
result of the determination in Step A2 is negative, the
control in this cycle ends.

[0052] In the output suppression control, the battery 5
is controlled such that the battery output gradually de-
clines before the voltage of the battery 5 declines to the
lower limit voltage. As a result, the lowering rate of the
battery voltage becomes small, which prolongs the time
it takes for the battery voltage to reach the lower limit
voltage. This means that the time for which the motor 3
is continuously used is prolonged, in other words, the
range for which the vehicle can run without starting the
engine 2 is prolonged. Therefore, the running feeling of
the vehicle 1 is enhanced.
[0053] FIG. 4 is an example of a flow chart of the control
related to setting of a running mode and the output sup-
pression control. The control illustrated in this flow chart
is repeatedly executed in the control device 10 at a pre-
determined cycle under a state where at least the motor
3 is operating but the engine 2 is stopped (for example,
during the EV running mode). The control in this flow
chart loosens the starting requirement for the engine 2
in the EV priority in contrast to the normal mode. Steps
B3 to B5 in FIG. 4 correspond to Steps A1 to A3 in FIG.
3, respectively. The control illustrated in this flow chart
can be executed in the hybrid vehicle 1 having the EV
running mode and the hybrid running mode and also hav-
ing the EV priority mode switch 7 (EV priority mode and
the normal mode).
[0054] In Step B1, the first upper limit value and the
second upper limit value are calculated on the basis of
the operating state of the battery 5 and the running state
of the vehicle 1. The first upper limit value is the value of
the upper limit output in the EV priority mode, and the
second upper limit value is the value of the upper limit
output in the normal mode. In the following Step B2, de-
termination is made as to whether or not the control state
on the running mode is the EV priority mode on the basis
of the operating position of the EV priority mode switch
7. If in the EV priority mode, the process proceeds to
Step B3, and if not in the EV priority mode (if in the normal
mode), the process proceeds to Step B10. The former
route uses the first upper limit value as the upper limit
output of the battery 5, and the latter route uses the sec-
ond upper limit value as the upper limit output of the bat-
tery 5.
[0055] If the process proceeds to Step B3 (if in the EV
priority mode), the threshold included in the requirement
for starting the output suppression control is set in the
battery control unit 11. The threshold is set higher than
the lower limit voltage of the battery 5. In the succeeding
Step B4, determination as to whether or not the voltage
of the battery 5 is a threshold or less is made. If the result
of this determination is positive, the control proceeds to
Step B5, and if the result of this determination is negative,
the control proceeds to Step B9.
[0056] In Step B5, the output suppression control is
performed in which the battery 5 is controlled such that
the battery output gradually declines. Furthermore, in the
subsequent Step B6, determination is made as to wheth-
er or not the battery output declines to the second upper
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limit value. If the result of this determination is negative,
the control returns to Step B5 and the output suppression
control is continued until the battery output reaches the
second upper limit value. On the other hand, if the battery
output declines to the second upper limit value, the con-
trol proceeds to Step B7.
[0057] In Step B7, the EV priority mode is canceled
and the operating position of the EV priority mode switch
7 is automatically shifted to the off-position. In addition,
the engine control unit 14 starts the engine 2. After that,
in Step B8, the running mode is switched from EV running
mode to the hybrid running mode (series running mode
or parallel running mode), and the control in this cycle
ends. If the series running mode of the hybrid running
mode is implemented, the control that causes the gen-
erator 4 to generate electric power using the driving force
of the engine 2 is implemented and also the control of
running using the driving force of the motor 3 is imple-
mented. If the parallel running mode of the hybrid running
mode is implemented, the control of running using the
driving force of the engine 2 and the motor 3 is imple-
mented. The operating state of the motor 3 is controlled
by the motor control unit 13. The operating states of the
engine 2 and the generator 4 are controlled by the engine
control unit 14.
[0058] If the process proceeds from Step B4 to Step
B9, determination is made as to whether or not the engine
starting requirement for the EV priority mode is satisfied.
For example, determination is made as to whether any
one of the above Conditions A to F is satisfied. If the
engine starting requirement for the EV priority mode is
satisfied, the control proceeds to Step B11, the engine
control unit 14 drives the engine 2, and the running mode
is switched from the EV running mode to the hybrid run-
ning mode (series running mode or parallel running
mode) to terminate the control in this cycle. On the other
hand, if the result of the determination in Step B9 is neg-
ative, the control proceeds to Step B12 in which the EV
running mode is kept, and the control in this cycle ends.
[0059] If the process proceeds from Step B2 to Step
B10, determination is made as to whether or not the en-
gine starting requirement for the normal mode is satisfied.
For example, determination is made as to whether any
one of the above Conditions G to L is satisfied. If the
engine starting requirement for the normal mode is sat-
isfied, the control proceeds to Step B11 in which the run-
ning mode is switched from the EV running mode to the
hybrid running mode (series running mode or parallel run-
ning mode), and the control in this cycle ends. On the
other hand, if the result of the determination in Step B10
is negative, the control proceeds to Step B12 in which
the EV running mode is kept, and the control in this cycle
ends.

4. Time Chart

[0060] FIGs. 5A to FIG. 5F are time charts for explain-
ing a control action when the output suppression control

is performed in the EV priority mode. FIG. 5A shows the
chronological change of the operating position of the EV
priority mode switch 7, FIG. 5B shows the chronological
change in the accelerator opening degree, and FIG. 5C
shows the chronological change in the driving torque of
the vehicle 1. In addition, FIG. 5D shows a chronological
change of the battery output, FIG. 5E represents a chron-
ological change in the battery voltage, and FIG. 5F rep-
resents a chronological change in the engine output.
[0061] As indicated by the solid line in FIG. 5A, the
operating position of the EV priority mode switch 7 before
the time t0 is the on-position, and the EV priority-mode
is set. Further, as indicated by the solid line in FIG. 5F,
the engine output before the time t0 is 0 (engine 2 is not
operating), and the running mode is the EV running
mode. As indicated by the solid line in FIG. 5B, it is as-
sumed that the driver increases the accelerator opening
degree at the time to and makes an operation to keep
the then accelerator opening degree at the time t1.
[0062] With the increase in the accelerator opening de-
gree, the outputting torque of the motor 3 increases, and
as shown by the solid line in FIG. 5C, the driving torque
of the vehicle 1 increases. Further, as indicated by the
solid line in FIG. 5D, the battery output of the battery 5
increases. The battery output increases from the time t0
to the time t1, and is kept at a value corresponding to the
accelerator opening degree after the time t1. The battery
output at this time shall exceed the second upper limit
value. On the other hand, as indicated by the solid line
in FIG. 5E, the battery voltage largely decreases from
the time t0 to the time t1, and gradually decreases after
the time t1.
[0063] When the battery voltage drops to the threshold
at time t2, the output suppression control is performed.
As indicated by the solid line in FIG. 5D, the battery output
gradually declines, separates away from the first upper
limit value, and approaches the second upper limit value.
At this time, the driving torque of the vehicle 1 slightly
decreases after the time t2 as indicated by the solid line
in FIG. 5C. After that, when the battery output declines
to the second upper limit value at the time t3, the output
suppression control ends and control is performed to start
the engine 2. At this time, as indicated by the solid line
in FIG. 5A, the operating position of the EV priority mode
switch 7 is automatically shifted to the off-position.
[0064] The engine output temporarily becomes a neg-
ative value immediately after the time t3, but increases
as the rotational state of the engine 2 stabilizes. The time
t5 is the time when the engine output reaches approxi-
mately 0, and the time t6 is the time when the engine
output reaches the predetermined output. After the time
t6, the predetermined output is maintained, and the op-
erating state of the engine 2 is stabilized. This also sta-
bilizes the power generation state of the generator 4.
[0065] As indicated by the solid line in FIG. 5E, the
battery voltage gradually decreases with a gentle gradi-
ent from the time t2 to the time t5. After that, the battery
output rises from the time t5 at which the engine output
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becomes a positive value to the time t6, and gradually
declines with a gentile gradient after the time t6. Further-
more, as indicated by the solid line in FIG. 5D, the battery
output is maintained at a substantially constant value
from the time t3 to the time t5, decreases from the time
t5 to the time t6, and becomes a substantially constant
value after the time t6.
[0066] As shown by the solid line in FIG. 5C, the driving
torque decreases from the time t2 to the time t3, but comes
to be constant from the time t3 to the time t5 likewise the
battery output. In addition, during the period from the time
t5 to the time t6, the battery voltage rises, which is followed
by rise in the driving torque. The driving torque after the
subsequent time t6 comes to be substantially constant.
In this way, performing the output suppression control
weakens the driving torque (motor output) of the vehicle
1 to some extent before the battery voltage reaches the
lower limit voltage, and the electric power of the battery
5 is consequently conserved. As a result, since the driving
torque of the vehicle 1 does not rapidly decline after the
time t3 when the engine 2 is started, the running feeling
is enhanced.
[0067] The dashed lines in FIGS. 5A to 5F are graphs
as a comparative example, and show the control action
when the output suppression control is not performed. If
the output suppression control is not performed, a state
where the battery output is high is kept after the time t2,
as indicated by the dashed line in FIG. 5D. As a result,
as indicated by the dashed line in FIG. 5E, the battery
voltage declines also after the time t2, and reaches the
lower limit voltage at the time t4. At this time, as indicated
by the one-dotted dashed line in FIG. 5D, the upper limit
value (first upper limit value) of the battery 5 can be great-
ly limited. In this case, as indicated by the dashed line in
FIG. 5D, the battery output decreases at the time t4, and
gradually decreases after the time t4. Therefore, as indi-
cated by the dashed line in FIG. 5C, it can be understood
that the driving torque after the time t4 decreases to make
it impossible to obtain preferable running feeling.

5. Influence and Effect

[0068]

(1) The hybrid vehicle 1 of the present embodiment
includes: the engine 2 and the motor 3 that operate
independently of each other; a battery 5 that stores
electric power to operate the engine 2 and the motor
3; and a control device 10 that controls operating
states of the engine 2 and the motor 3. The control
device 10 performs the output suppression control
that gradually lowers the battery output when the
voltage of battery 5 declines to a threshold higher
than the lower limit voltage. This control can prolong
the time it takes for the voltage of the battery 5 to
reach the lower limit voltage, and can prolong the
time for which the motor 3 can be continuously used.
Accordingly, the running feeling of the vehicle can

be enhanced.
(2) The above hybrid vehicle 1 may have the EV
priority mode and the normal mode. In the EV priority
mode, the requirement for starting the engine 2 when
the motor 3 is operating but the 2 is not operating is
set more strictly in contrast to the normal mode. In
other words, the engine starting requirement for the
normal node is set more loosely in contrast to the
EV priority mode. In addition, the control device 10
may perform control that separates the battery out-
put from the first upper limit value and brings the
battery output close to the second upper limit value
in the output suppression control in the EV priority
mode.
The first upper limit value is an upper limit value of
the battery output in the EV priority mode, and the
second upper limit value is the upper limit value of
the battery output in the normal mode. By lowering
the battery output, which can be a value close to the
first upper limit value, to the second upper limit value
as the above, it is possible to reserve sufficient sur-
plus power of the battery output. This can prolong
the time for which the motor 3 can be continuously
used and further enhance the running feeling of the
vehicle 1.
(3) During the output suppression control described
above, if the battery output declines to the second
upper limit value, the engine 2 may be started and
also the output suppression control may be termi-
nated. This control can start the engine 2 under a
state where sufficient surplus power of the battery
output is reserved. Accordingly, it is possible to sup-
press sudden decrease or fluctuation in the driving
torque between before and after the start of the en-
gine 2, so that the running feeling of the vehicle 1
can be further enhanced.
(4) In regard of setting of the threshold, as illustrated
in FIG. 2A, the threshold may be set to a higher value
as the charge rate or the battery temperature of the
battery 5 is lower. In this way, by setting the threshold
high in a situation where the reduction rate of the
battery voltage tends to increase, the requirement
for starting the output suppression control can be
eased to advance the timing of starting the output
suppression control. Accordingly, it is possible to fur-
ther prolong the time it takes for the voltage of the
battery 5 to reach the lower limit voltage. In addition,
it is possible to increase the surplus power of the
battery output reserved by the output suppression
control. Therefore, the running feeling of the vehicle
1 can be further enhanced.
(5) Similarly, as illustrated in FIG. 2B, the threshold
may be set to a higher value as the internal resist-
ance of the battery 5 or the driver-demanded torque
is larger. The reduction rate of the battery voltage
increases as the internal resistance of the battery 5
is larger or the driver-demanded torque is larger. By
setting the threshold high under such a situation,
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time for performing the output suppression control
and the surplus power of the battery output can be
sufficiently secured, and the running feeling of vehi-
cle 1 can be further enhanced.

6. Miscellaneous

[0069] The foregoing embodiment is illustrative only
and is not intended to preclude the application of various
modifications and techniques not explicitly set forth in the
present examples. Each configuration of the present em-
bodiment can be variously modified and implemented
without departing from the scope thereof. Also, the con-
figuration can be selected or omitted according to the
requirement or can be appropriately combined. For ex-
ample, although the above vehicle 1 is provided with the
EV priority mode switch 7, the EV priority mode switch 7
can be omitted. Alternatively, the EV priority mode and
the normal mode may be automatically set according to
known requirement. Further alternatively, the EV priority
mode and the normal mode may be omitted. This means
that the requirement for switching the running mode from
the EV running mode to the hybrid running mode may be
fixed. The same actions and effects as the above em-
bodiment can be obtained by at least performing the out-
put suppression control when the voltage of the battery
5 declines to the threshold.

[Industrial Applicability]

[0070] The present invention is applicable to industries
of producing hybrid vehicles and industries of producing
control devices mounted on hybrid vehicles.

[Description of Reference Signs]

[0071]

1: vehicle (hybrid vehicle)
2: engine
3: motor
4: generator
5: battery
6: clutch
7: EV priority mode switch
10: control device
11: battery control unit
12: running control unit
13: motor control unit
14: engine control unit

Claims

1. A hybrid vehicle comprising:

an engine and a motor that operate independ-
ently of each other;

a battery that stores electric power to drive the
engine and the motor; and
a control device that controls operating states
of the engine and the motor, wherein
if a voltage of the battery declines to a threshold
higher than a lower limit voltage, the control de-
vice performs output suppression control that
gradually reduces a battery output of the battery.

2. The hybrid vehicle according to claim 1, wherein

the hybrid vehicle has an EV priority mode and
a normal mode, each of the EV priority mode
and the normal mode having a requirement for
starting the engine when the motor is operating
but the engine is not operating,
the requirement in the EV priority mode is set
more strictly in contrast to the normal mode, and
the requirement in the normal mode is set more
loosely in contrast to the EV priority mode,
the control device separates the battery output
from a first upper limit value and brings the bat-
tery output close to a second upper limit value
in the output suppression control in the EV pri-
ority mode,
the first upper limit value is an upper limit value
of the battery output in the EV priority mode, and
the second upper limit value is an upper limit
value of the battery output in the normal mode.

3. The hybrid vehicle according to claim 2, wherein
the control device terminates the output suppression
control by starting the engine when the battery output
declines to the second upper limit value in the output
suppression control in the EV priority mode.

4. The hybrid vehicle according to any one of claims
1-3, wherein
the threshold is set to a higher value as a charge
rate of the battery or a battery temperature of the
battery is lower.

5. The hybrid vehicle according to any one of claims
1-3, wherein
the threshold is set to a higher value as an internal
resistance of the battery or a driver-demanded
torque is higher.

Amended claims under Art. 19.1 PCT

1. A hybrid vehicle comprising:

an engine and a motor that operate independ-
ently of each other;
a battery that stores electric power to operate
the engine and the motor; and
a control device that controls operating states
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of the engine and the motor, wherein
if a voltage of the battery declines to a threshold
higher than a lower limit voltage, the control de-
vice performs output suppression control that
gradually reduces a battery output of the battery,
the hybrid vehicle has an EV priority mode and
a normal mode, each of the EV priority mode
and the normal mode having a requirement for
starting the engine when the motor is operating
but the engine is not operating,
the requirement in the EV priority mode is set
more strictly in contrast to the normal mode, and
the requirement in the normal mode is set more
loosely in contrast to the EV priority mode,
the control device separates the battery output
from a first upper limit value and brings the bat-
tery output close to a second upper limit value
in the output suppression control in the EV pri-
ority mode,
the first upper limit value is an upper limit value
of the battery output in the EV priority mode, and
the second upper limit value is an upper limit
value of the battery output in the normal mode.

2.

3. The hybrid vehicle according to claim 1, wherein
the control device terminates the output suppression
control by starting the engine when the battery output
declines to the second upper limit value in the output
suppression control in the EV priority mode.

4. The hybrid vehicle according to claim 1 or 3, wherein
the threshold is set to a higher value as a charge
rate of the battery or a battery temperature of the
battery is lower.

5. The hybrid vehicle according to claim 1 or 3, wherein
the threshold is set to a higher value as an internal
resistance of the battery or a driver demand torque
is higher.

Statement under Art. 19.1 PCT

Claim 1 after the amendment in Claims corresponds
to claim 1 as filed for the first time incorporating therein
claim 2 as filed for the first time. According to this amend-
ment, claim 2 is deleted.

Claims 3-5 after the amendment respectively corre-
spond to claims 3-5 as filed for the first time in which
claim 2 is excluded from dependent source.

In relation to the claims 2-3 as filed for the first time,
the Written Opinion of the International Searching Au-
thority states that "claims 2-3 are not disclosed in any
references cited in International Search Report and has
novelty and inventive step". The Written opinion further
describes that "the control device separates the battery

output from a first upper limit value and brings the battery
output close to a second upper limit value in the output
suppression control in the EV priority mode, the first up-
per limit value is an upper limit value of the battery output
in the EV priority mode, and the second upper limit value
is an upper limit value of the battery output in the normal
mode." Accordingly, claim 1 after the amendment in
Claims is not described in any References cited in the
International Search Report and is not obvious to those
ordinary skilled in the art.
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